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Presentation outline

• Detector characteristics 
• Commonly used types of detectors
• Calibration of detectors

• Energy
• Resolution
• Efficiency

• Efficiency calibration of HPGe detectors
• Experimental calibration

• Reference data used for calibration
• Commonly used calibration standards and approaches
• Preparation of volume standards
• Calibration curves
• Commonly encountered problems

• Geometry, self-attenuation and coincidence summing corrections
• Combined experimental and numerical calibration

• Demonstration of GammaVision calibration routine
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Basic characteristics of gamma-ray 
spectrometric systems

Environmental gamma-ray spectrometry nowadays  
relies on low-background high resolution HPGe
detectors, with performance characterized by

- efficiency
- resolution
- peak/Compton ratio

Important characteristic: 
the system’s background, 
which can be decreased using

- low activity detector components
- passive shield (lead + copper, tin, plexiglass)
- active shield (anti-cosmic, anti-Compton)
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…but more information comes with a 
detector on delivery

Specifications

• Detector model & s/n

• Cryostat model

• PA model

• Nominal volume

• Resolution @ 122 & 1332 keV

• Peak/Compton ratio

• Endcap dimensions

Physical characteristics of crystal

Electrical characteristics

Resolution and relative efficiency
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…and even more is available upon request 
from the supplier* 
The data provided by the supplier are necessary, but not 
sufficient, for modeling the detector.

Ge crystal details

Detector chamber details (materials and dimensions)

Exact plans are confidential, certain parameters are even 
not known exactly to the producer, but by combining 
experiment and modeling, a set of effective detector 
parameters can be defined. 

*ask for it when you buy the detector, 
otherwise you may have to pay for it
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• Eliminates the cost of purchasing, tracking, 
and disposing of radioactive standards

• No radioactive sources needed for 
accurate efficiency calibrations in the 
laboratory

• Calibrations valid from 10 keV to 7000 keV

…and finally the off-the-shelf solution 

Have your detector characterized by the producer 
(for an additional cost, but may finally save money)

Laboratory Sourceless
Calibration Software
(LabSOCS CANBERRA)

Not yet developed for well detectors!
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Commonly used types of Ge detectors

(CANBERRA)
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Common types of semiconductor detectors used 
for environmental applications

(CANBERRA)
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How to chose your detector?

Most environmental gamma spectrometrists aim primarily to minimize 
the MDA (minimum detectable activity)

• Detection efficiency
• Background
• Resolution

Other issues to consider: Energy range of interest
Efficiency vs. energy
Typical sample size
……

Some common-sense tips:
•Large ultra-low background well detectors will be good for low single-
line radionuclides (e.g. Cs-137), but require the user to master 
coincidence corrections for other applications
•Broad energy Ge detectors are excellent for normal environmental 
levels

Important: choice of adequate shielding!!!
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Why do we need calibration?

To interpret a spectrum in terms of 

- energy (identify radionuclides) → energy calibration
- activity (quantify radionuclides) → efficiency calibration

To carry out automated spectrum analysis → peak width 
calibration

Sediment spectrum, 200ks 200% well, Pb+Cu+anti-cosmics shielding (GammaVision)
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Energy calibration

Energy = A + B * CH + C * CH2

Energy = A + B * CH  sufficient in general with nowadays 
electronics for environmental applications
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Peak width calibration

FWHM = a * E1/2 + b * E + c

(CANBERRA)

FWHM = 2.35 * σ

Other functions may apply depending on the energy range and taking 
into account the peak shape
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Efficiency calibration: which efficiency is  
used in common applications?

Relative  efficiency
a general performance measure relating the efficiency of detection of the   
1332 keV Co-60 gamma ray for a point source placed centrally 25cm above the 
detector to that of the standard 3” x 3” sodium iodide scintillation detector

Absolute full energy peak efficiency (FEPE) 
the ratio of the number of events when the complete energy E was deposited in 
the detector to the number of photons of energy E emitted from the source

Absolute total efficiency 
relates the number of gamma-rays emitted by the source to the number of  
counts detected anywhere in the spectrum. This takes into account the full-
energy peak and all incomplete absorptions represented by the Compton 
continuum

Intrinsic efficiency (full energy peak or total)  
relates the counts in the spectrum to the number of gamma-rays incident on the 
detector. This efficiency is a basic parameter of the detector 
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Efficiency calibration

• The detection efficiency depends on
the energy of the incident gamma ray 
the detector crystal (intrinsic)
the materials surrounding the crystal
the source/sample - detector geometry
attenuation in the source matrix
…

• Can be determined experimentally measuring calibration 
standards with known activity.
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Reference decay data (NUCLEONICA)
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Efficiency calibration: standardized 
solutions

www.nuclitec.de
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Efficiency calibration: standardized 
solutions

www.nuclitec.de
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Efficiency calibration: standardized 
solutions

www.nuclitec.de

• Attention to the uncertainties specified by the supplier!
These will enter into the uncertainty budget of the 
results. Choose solutions with <2% uncertainty, slightly 
higher (3-4%) acceptable for some radionuclides (e.g. Pb-
210)

• Not all solutions can be mixed! Because of the different 
chemical forms precipitates can form and you will have an 
inhomogeneous secondary standard! E.g. NG4 (Pb-210) 
should not be mixed into any of the other solutions.

• Do not use Reference Materials for calibration. Their use 
is limited to internal quality control and proficiency 
tests. 
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Geometry reference sources –
commercially made to order

(QSA)

(QSA www.nuclitec.de)
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Geometry reference sources –
commercially made to order
• You can order your own geometries, preferred densities 

and radionuclide mixes
• Corrections will need to be applied when matrix is 

important

(QSA www.nuclitec.de)
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Geometry reference sources –
commercially made to order
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Geometry reference sources – secondary 
standards made in the lab

Preparation and storage of
mixed gamma stock solution

Procedure presented separately
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Geometry reference sources – secondary 
standards made in the lab

Preparation of
mixed gamma standard

in sediment

I. Levy, J. Bartocci
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1) Take a quantity of 
sediment, previously 
counted, adequate for the 
geometry of interest. 
Weigh the sediment.

2) Weigh the mixed 
gamma solution spike  
and dilute in 
appropriate acid 
solution to amount 
sufficient to cover 
sediment.

Sediment
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3) Put the sediment into a mortar
and pour gently the weighted 
mixed gamma solution.

70°
4) Put the mortar with 

sediment and mixed 
gamma solution in an oven 
for 12 hours.

!
Rinse three times the beaker with
the appropriate acidic
solution and add to sediment.
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5) Put the mortar into a
dessicator for cooling.

6) Gently homogenize the 
sediment with the pestle.

Silica gel
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7) Pour the prepared sediment
into the measurement container.

8) Count the secondary volume 
standard.

!
Tare the capped container, then 
weigh with the sediment added in 
the desired geometry to determine 
the exact weight of sediment used.

!
The container cap should be taped  
to avoid  contamination! Mind GLP 
and safety rules when preparing 
and handling standards. Beware to 
contaminate detectors!
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Efficiency calibration: experimental
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ε(E) – FEPE for a gamma ray of energy E
– net area under the full energy peak of radionuclide i

Λi – reference activity of radionuclide emitting gamma-
ray of energy E

Y(E) – emission probability of radionuclide at energy E
t – spectrum collection time (live time)
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Efficiency calibration (FEPE)

Various functions and combinations of functions can be used 
to describe the energy dependence of efficiency.

Example )(ln)(ln)(ln 2
210 EaEaaE ⋅+⋅+=ε

where ε - efficiency, E - energy
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Efficiency calibration: experimental

• Ideally: calibration standard identical in all aspects (geometry, 
matrix, radionuclide composition) to sample. In this case a direct 
calibration can be made for the radionuclides of interest.

• Many different radionuclides can be present in the sample, 
therefore efficiencies may be required at energies other than
those of the gamma rays emitted by the calibration standard. 
Calibration curves have then to be determined based on the 
experimental efficiencies calculated for the gamma-rays emitted 
by the calibration standard.

• All commercial software include several options for the type of fit 
used to describe the efficiency-energy dependency (linear, 
quadratic, polynomial). You can also use your own routines to fit the 
experimentally obtained efficiencies.
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Commonly encountered problems

• Sample and calibration standards not identical 
(matrix, density)

• The numerous counting geometries and matrices
usually encountered in an environmental lab
require many calibration standards: costly 
procurement, storage and disposal

• Radionuclides with 
coincident gamma-ray 
emissions in standard 
and sample
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Corrections

• Geometry: different geometry sample – standard

• Self-attenuation: important for low energy gamma 
rays when the sample and the standard have 
different composition (matrix effect) or density 
(differently compacted)

• Coincidence summing: important for radionuclide 
with cascade lines in close counting geometries, 
particularly in well detectors

Combined experimental and numerical approach



IAEA

Corrections can be calculated based on
analytical models
Monte-Carlo simulations

Monte-Carlo simulations can also be used to 
calculate the efficiency curve and to optimize 
counting geometries

There are other approaches: simulations using 
point source measurements, efficiency transfer, 
using particular radionuclides for calibration 

Combined experimental and numerical approach
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Geometry: to be respected!
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Well detector, 150% relative efficiency
Geometry: cylindrical tube r = 1cm, h = 0.1 – 4.7cm
Water

(Monte-Carlo calculations, GESPECOR)
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Self-attenuation: 
important at low energies

Well-type detector, 200% relative efficiency
Geometry: cylindrical tube r = 1cm,  h = 4.5cm 
Phosphogypsum density 1.26g·cm-3

(Monte-Carlo calculations, GESPECOR)
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Coincidence-summing corrections:
can be very important
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Uncertainties

The uncertainty associated with calibration contributes to 
the final uncertainty budget of the analysis result for the 
sample 

• Uncertainty from calibration
• Standardized solution
• Preparation  of calibration standard
• Counting of calibration standard

• Sample treatment and preparation for counting

• Sample counting (ISO 11929)

GUM: Guide to the Expression of Uncertainty in Measurement
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How to obtain a calibration curve? 
Demo: GammaVision
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